The phenotypic, distributional, and genetic distinctiveness of the bandtail goatfish Upeneus taeniopterus within the genus Upeneus (Mullidae) is elaborated using a comprehensive alphataxonomic and barcoding approach. Based on a large number of morphometric, meristic and colour characters obtained from 71 preserved or freshly photographed specimens, an updated diagnosis, a redescription, and detailed inter-and intraspecific comparisons are provided. The distribution information is revised with strong emphasis on ensuring correct species identification. Upeneus taeniopterus shows intraspecific variation in morphology and number of oblique bars on the caudal fin related to two size classes, 'subadults' (< 12 cm SL) and 'adults' (12 cm SL or larger). Indications for population differences were only detected for the smaller size class, possibly reflecting geographic developmental differences. This species is widely distributed in the Indo-Pacific from Mozambique to the Tuamoto Archipelago and from the Ryukyu Islands to Tonga and occurs mostly in very shallow subtidal sandy beach or lagoon habitats of oceanic islands and atolls. Four new records of the species for Palau, Papua (Indonesia), Tonga and Vanuatu are reported. Comparisons with all other 36 congeners revealed clear differences from U. taeniopterus in the combination of maximum size, eight meristic and colour characters, distributional range and habitat selection. The only congeneric species with similarly large maximum size and wide distributional range is Upeneus vittatus, which differs however in morphology, colour and habitat. The congeneric species differ from U. taeniopterus with sequence divergences which are comparable to those observed among genera. More genetic tissue samples are needed to further investigate the relatedness among Upeneus species and to search for phylogeographic patterns in U. taeniopterus. The need to thoroughly study the insufficiently explored subtidal sandy habitats of oceanic islands and atolls is emphasized.
Introduction
The bandtail goatfish Upeneus taeniopterus Cuvier, 1829 (Mullidae), originally described from Trincomalee, Sri Lanka, occurs mostly in shallow coastal waters of oceanic islands and atolls within a vast area extending from Mozambique to Hawaii (Uiblein & Heemstra 2010) . In a regional taxonomic review of the genus Upeneus based on a large number of morphometric, meristic and colour characters from 24 species, Uiblein & Heemstra (2010) established the senior synonymy of U. taeniopterus with U. arge Jordan & Evermann, 1903, described from Hawaii. They included U. taeniopterus in the so-called tragula species group due to low gill raker and pectoral fin-ray counts and the presence of dark oblique bars on both caudal-fin lobes. This assignment facilitated the preparation of identification keys and was followed in subsequent studies that added additional species to the tragula group (Uiblein & Heemstra 2011a; Uiblein & Gouws 2014) .
In earlier taxonomic accounts featuring species of the tragula group (Uiblein & Gouws 2014 , and citations therein), considerable differences from U. taeniopterus were encountered, but not elaborated further. Regarding the currently available distribution information, none of the other nine tragula-group species matches the wide range of U. taeniopterus (cf. Uiblein et al. 1998; Randall & Kulbicki 2006; Uiblein & Heemstra 2010 , 2011a Uiblein & Gouws 2014) : U. heemstra Uiblein & Gouws, 2014 occurs in the Western Indian Ocean and off SE India; U. luzonius Jordan & Seale, 1907 is currently known only from the Philippines (reported occurrences from other areas have not been verified so far); U. margarethae Uiblein & Heemstra, 2010 occurs in the Indian Ocean and the Arafura Sea; U. mouthami Randall & Kulbicki, 2006 has only been recorded from the Chesterfield Islands, New Caledonia; U. niebuhri Guézé, 1976 is restricted to the Gulf of Suez, Red Sea; U. oligospilus Lachner, 1954 and U. randalli Uiblein & Heemstra, 2011 occur in the Persian Gulf; U. sundaicus (Bleeker, 1855) is known from the Persian Gulf and the Eastern Indian Ocean to the South China Sea and Australia; and U. tragula Richardson, 1846 occurs from off the Andaman Islands to New Caledonia and Japan. With the exception for U. mouthami, all these species occur mostly on continental shelves and much less around islands or atolls than does U. taeniopterus.
Regarding phenotypic characters (cf. Uiblein & Heemstra 2010; Uiblein & Gouws 2014) , U. taeniopterus differs from the other tragula-group species in a higher lateral-line scale count and in having at least two body stripes vs. only a single or no body stripe. With a reported maximum size of 27 cm SL (Uiblein & Heemstra 2010 ) it appears to attain much larger size than the other nine species, which range from 9.4 (U. mouthami) to 19 cm SL (U. tragula) (Uiblein & Gouws 2014) . These characteristics combined with the differences between the tragula group and the other species and species groups of the genus Upeneus (e.g., Uiblein & Heemstra 2011b; Uiblein & Gouws 2015) indicate the rather distinctive status of U. taeniopterus. However, detailed alpha-taxonomic comparisons with all other 36 currently known Upeneus species (Uiblein & White 2015) have not been conducted yet. Also, no genetic studies have been made so far to elaborate the relatedness of U. taeniopterus with congeneric species. This paper investigates the phenotypic, distributional and genetic distinctiveness of U. taeniopterus within the genus Upeneus in a comprehensive alphataxonomic and barcoding approach. A large amount of phenotypic and occurrence data were collected using museum specimens, photographs and/or in situ observations of fresh fish, and relevant literature. An updated taxonomic account for U. taeniopterus was prepared featuring a detailed diagnosis and a redescription. Growth-related allometric changes and population differences were also considered and maximum size and distribution information were revised. These data were compared with partly updated information from all other currently known congeneric species (n = 36). Finally, all barcoding data of U. taeniopterus available to the authors, from two specimens from the Seychelles and Hawaii, respectively, were analysed with comparative data from 12 congeneric species. These findings and the need for further research to better understand the interspecific relationships among Upeneus species and the biology and ecology of U. taeniopterus are discussed.
Materials and methods

Taxonomy
In total 71 specimens of Upeneus taeniopterus were examined. From 53 scientific collection specimens standard length (SL), 40 measurements, 10 counts, and colour characters were gathered (Tables I and II) . Through communication with colleagues from scientific fish collections and/or examination of photographs, size information of six additional preserved specimens were obtained, with counts of oblique bars on the caudal fin available from five of these and the lateralline scale count from a single specimen (Table I) . Additional data were obtained using photographs of one preserved and 14 freshly caught or live U. taeniopterus, the latter including three of the 53 above-mentioned museum specimens.
Methods for obtaining morphometric, meristic and colour data follow Uiblein & Heemstra (2010) and Uiblein & Gouws (2015) . Goatfishes may show considerable allometric changes during ontogeny that relate to changes in lifestyle and the possible onset of sexual maturity (Uiblein & Gledhill 2015) . To account for allometric changes in U. taeniopterus, plots of SL and morphometric, meristic and quantitative colour characters were examined and two distinct size groups established, with fish smaller than 12 cm SL assigned to 'subadults' and individuals of 12 cm SL or larger to 'adults'.
Regarding distribution information, a large number of literature sources including taxonomic accounts, annotated species lists, books and fisheries reports were screened to get an overview of previously published records. For the detailed elaboration and mapping of the distribution, priority was however given to information available from scientific collection specimens and photographs of well identifiable live, freshly collected, or preserved specimens that were examined by us. If literature was used to refer to records that were not directly verified, attention was paid to account for the correctness of species identification by seeking additional support and/or documentation through contact with local experts. Archipelagos or atolls were treated as single geographic entities for mapping the distribution. For the verified records all available occurrence details were included in the material list. For the interspecific alpha-taxonomic comparisons, a comprehensive data set obtained from 810 specimens of all other 36 congeneric species was used, focusing primarily on maximum size (SL in mm) and eight diagnostically important meristic and colour characters. New comparative data were obtained for the recently described U. nigromarginatus and four other species (see material list below). In addition, complementary information from four published accounts (Fischer & Bianchi 1984; Randall 1996; Randall & Kulbicki 2006; Yamashita et al. 2011) 
Comparative material examined
Only the five species for which formerly unpublished comparative data were generated for the present study are listed below. For all other 31 Upeneus species complete material lists have been provided in earlier publications which are referred to accordingly in Table II 
Genetic studies
Phylogenetic and genetic distance analyses, using the barcoding cytochrome c oxidase subunit I (COI) gene fragment (Hebert et al. 2003) , were conducted to investigate and confirm the placement of Upeneus taeniopterus within the tragula group or, failing that, establish the likely group affinity of this species. Data used in previous species delineation studies (Uiblein & Gouws 2014 of Upeneus were secured from GenBank (2015) or obtained from the sources documented previously (Uiblein & Gouws 2014 . At least one representative of each species examined in these studies was included in the present analysis, with multiple specimens/sequences included from geographically separated localities and paragenetypes of particular species, where possible. Sequences of U. taeniopterus were obtained from Barcode of Life Data Systems v3 (BOLD; Boldsystems 2015), from barcoding projects managed by SAIAB and USNM. Collectively, the included data (Table III) represented all six described species groups within Upeneus (with U. filifer excluded): the japonicus, moluccensis, suahelicus, stenopsis, tragula and vittatus groups. Sequences of Mulloidichthys vanicolensis and Parupeneus barberinus, used previously as outgroups (Uiblein & Gouws 2015) , were again used as outgroups in the present analysis.
Final sequence alignment and phylogenetic analysis proceeded as documented by Uiblein & Gouws (2014) , with trees being constructed under maximum likelihood (ML) and unweighted parsimony (UP) frameworks in PAUP* 4b10 (Swofford 2002) . The use of jModelTest 4.1.2 (Darriba et al. 2012) to determine the most suitable model of nucleotide evolution prior to the ML analysis, and the use of RAxML 8.2.4 (Stamatakis 2014) to conduct the bootstrapping (with 1000 replicates) to determine nodal support (Felsenstein 1985 ) under a ML framework were the only alterations to the previously published (Uiblein & Gouws 2014 ) methodology. The likelihoods of alternative topologies to those obtained through the above analyses, constrained to enforce certain species relationships or species group membership, were evaluated by means of Shimodaira & Hasegawa (1999: SH) tests in PAUP*, with full optimization and 1000 bootstrap replicates. Kimura's (1980) 2-parameter (K2P) distances were calculated among included specimens, species and species groups, as described previously (Uiblein & Gouws 2014 .
Results
Taxonomy
Upeneus taeniopterus Cuvier, 1829 Bandtail goatfish (Tables I and II Figure 1E) Species group membership (Upeneus parvus, U. taeniopterus and U. vittatus grouped according to Uiblein & Heemstra 2010) of the included species is indicated. Additional information provided includes the accession details of the corresponding voucher specimen, the original reference for the data and/or other pertinent information. a GenBank accession numbers as reflected on BOLD. Numbers were retracted from GenBank due to the submission failing an early data release agreement, being incompletely identified at the time of submission (see Table I Table I ). e The specimen from which this sequence was derived is a paratype of U. heemstra, as per Uiblein & Gouws (2014) , but is still recorded as U. tragula in GenBank and BOLD (see Uiblein & Gouws 2015: Table I ). f Sequences were lodged as Upeneus sp. in GenBank, as the formal description of U. heemstra (Uiblein & Gouws 2014) (2014; previously unpublished ( Figure 1H) (Figure 1 ), 255 mm, Aitutaki Island.
Diagnosis of adults
Dorsal fin VIII spines, 9 rays; pectoral fins 13-15 rays; gill rakers 5-7 + 15-18 = 21-24; lateral-line scales 36-38; maximum verified size 290 mm SL; adults, measurements in % of SL: body depth at first dorsalfin origin 22-26, at anus 20-23; caudal-peduncle depth 9.2-11; maximum head depth 19-22; head depth through eye 14-18; head length 25-29; orbit length 4.6-6.3; upper jaw length 11-13; barbel length 17-22; caudal-fin length 28-32; anal-fin height 14-17; pelvic-fin length 17-20; pectoral-fin length 17-20; first dorsal-fin height 20-23; second dorsal-fin height 15-17; total oblique bars on caudal fin 9-14, upper caudal-fin lobe with 5-8 black bars, the proximal bars slightly curved; 4-6 bars on lower lobe; bars on or close to both lobe tips and penultimate bar on lower lobe mostly black, other bars mostly red or brown, becoming black at distal inner margin of lobes; at least the black parts of bars retained on preserved fish; two lateral body stripes, one pale brown or reddish brown at mid-body from snout or eye to caudal-fin base, the other fainter, mostly shorter, and more yellowish below; first dorsal-fin tip pale; barbels white at bases and yellow distally in fresh fish, sometimes entirely white; body uniformly pale brown in preserved fish.
Diagnosis of subadults
Measurements in % of SL: body depth at first dorsal-fin origin 22-25, at anus 18-22; caudal-peduncle depth 9.1- 10; maximum head depth 18-21; head depth through eye 15-17; head length 27-30; orbit length 6.1-7.2; upper jaw length 11-13; barbel length 17-20; caudalfin length 30-31; anal-fin height 15-17; pelvic-fin length 18-20; pectoral-fin length 18-20; first dorsal-fin height 20-22; second dorsal-fin height 15-17; total oblique bars on caudal fin 7-9, upper caudal-fin lobe with 4-5 black bars, the proximal bars slightly curved; 3-4 bars on lower lobe; see diagnosis for adults for meristic characters and other colour patterns.
Description
For a complete list of holotype measurements (in % SL) and counts see Uiblein & Heemstra (2010; table 6 ). Morphometric data as ratios of SL for holotype, followed by data for adults and subadults (both in brackets with subadults in parentheses): body moderately deep, its depth at first dorsal-fin origin 4.6 [3.9-4.6 (4.0-4. Fresh colour (Figure 1 ). Body and head silvery white to pale grey, dorsally and anteriorly of eye darker, with red or light-brown scale markings or skin pigmentation; at least two lateral body stripes, one pale brown or reddish brown at mid-body from snout or eye to caudal-fin base, another fainter and more yellowish stripe right below pectoral-fin base from level of eye or behind operculum to caudal-fin base or to caudal peduncle; rarely, a very weak third yellow stripe further below, from level of pectoral-fin base to about anal-fin origin; eyes with black pupils and orbit forming partly or entirely a reddish-brown ring that connects to the lateral body stripe; in one live specimen collected by flyfishing off Molokai Island, Hawaii ( Figure 1F ), five broad, dark vertical bands appear on the body which extend from dorsal margin down to the lateral body stripes; in addition in this specimen, as well as in the subadult and small adult ( Figure 1A , B), weak red patches laterally on ventral side of head and body; barbels generally white at bases and yellow distally, or entirely white; total oblique bars on caudal fin 9-14 (7 bars in freshly photographed subadult; Figure 1A ), upper caudal-fin lobe with 5-8 black bars (4 bars in single subadult), the proximal bars slightly curved; 4-6 bars on lower lobe (3 bars in single subadult); bars on or close to both lobe tips and penultimate bar on lower lobe mostly black, other bars mostly red-brown or brown becoming black at distal inner margin of lobes; caudal-fin bars subequal (slightly wider in adults, slightly narrower in subadults) to hyaline or white interspaces between bars in larger fish ( Figure 1C-H) ; bars narrower than interspaces in subadults ( Figure 1A ; also evident from preserved material, see also below); the 2 to 3 most proximal bars on lower caudal-fin lobe wider than the other bars and as wide or wider than orbit length; in one instance of a 240 mm SL specimen encountered by the first author off Kapa Island, Vava'u Archipelago, Tonga, the bars on the upper caudal-fin lobe were fused, resulting in a marbled colour pattern ( Figure  1H) ; dorsal fins hyaline with 3 to 5 grey stripes, one at or close to fin bases; first dorsal-fin tip pale; anal and paired fins hyaline and unpigmented.
Preserved colour. Body uniformly pale or pale brown in preserved fish, including holotype (photograph in Uiblein & Heemstra 2010); caudal-fin bars pale-brown to dark brown, usually well retained; other fins and barbels uniformly pale.
Distribution
Among the geographic areas of the Indo-Pacific that were screened for the current study, Upeneus taeniopterus has been found to occur in 30 areas between Pinda Bank, Mozambique, in the west and Rangiroa Island, Tuamoto Archipelago (French Polynesia), in the east, and between Ishigakijima, Ryukyu Islands (Japan), in the north and Aitutaki Island, Cook Islands, in the south (Figure 3) . Twenty of these area records are primarily based on preserved fish from scientific collections, six are based on photographs of live or freshly collected fish, and four are based on literature. Two of the four literature records rely on taxonomic examination: the record from the Laccadive Islands (India) is based on alpha-taxonomic studies of material collected from four islands and documented with a good-quality drawing of a 139 mm SL specimen collected most certainly off Karavathi Island (Jones & Kumaran 1980) . The record from Wake Atoll by Lobel & Lobel (2004) refers to Myers (1999) and is based on photographic documentation and identification by a fish taxonomist (Robert Myers, personal communication, 2015) . Of the other two literature records, the one from Fiji is based on a fisheries survey (Fisheries Division 1983), cited by Zug et al. (1989) and Seeto & Baldwin (2010) , and the record from Samoa is based on a comprehensive annotated checklist by Wass (1984) . Most of the areas recorded (26 of 30) are oceanic islands or atolls. Four well-documented new area records are reported here: the records for Palau and Vanuatu are both based on preserved scientific collection specimens and the records for Papua (Indonesia) and Tonga are based on photographic documentation, fish market visits, or direct in situ observations by the first author. According to the current knowledge, U. taeniopterus does not occur in the large area between the Andaman Sea, Malaysia, central and western Indonesia, Thailand, Cambodia, Vietnam, Taiwan, Philippines, most of Papua New Guinea, New Caledonia and off mainland Australia.
Habitat
Upeneus taeniopterus occurs in shallow sandy areas, mostly in lagoons and subtidal beaches of oceanic islands and atolls from one to 10 m. Only two of 12 verified depth records available for this species are deeper than 10 m: 0-15 m off Fenualoa Island, Santa Cruz Islands (Solomon Islands) and 25-50 m off Rodrigues (Mauritius).
Comparisons
Upeneus taeniopterus clearly differs from all 36 congeneric species in the combination of maximum size and eight meristic and colour characters (see Table II for a detailed list of distinguishing characters and their value ranges). From 34 Upeneus species U. taeniopterus differs in maximum size and at least in one meristic and one colour character. From U. luzonius (for which the colour in live or fresh conditions is not yet known), it differs in larger maximum size and higher number of lateral-line scales. From U. vittatus, which reaches a similar maximum size, it differs in a lower number of gill rakers, a smaller number of lateral body stripes (2-3 vs. 4 stripes), smaller eyes in adults (orbit length 4.6-6.3 vs. 6.6-8.8%SL), and the absence of dark pigmentation on the first dorsal-fin tip (see Uiblein & Gouws 2015 , for additional comparative data). Moreover, adult U. vittatus differ in the number of oblique bars on the lower caudal fin lobe, having 3 (rarely 4) oblique bars (Uiblein & Gouws 2015) vs. 4-6 bars in U. taeniopterus.
Regarding distribution patterns, U. taeniopterus differs from all other congeneric species in the combination of a wide distributional range and the primary occurrence off oceanic islands and atolls. Only U. vittatus has a similarly wide distribution range (South Africa and Red Sea to French Polynesia), but this species occurs frequently on continental shelves throughout the Indo-Pacific (Randall & Kulbicki 2006; Uiblein & Gouws 2015) where U. taeniopterus is mostly absent. Also, while these two species frequently co-occur around oceanic islands and atolls, they may separate in habitat, as U. vittatus ranges to greater depths (at least 100 m) and can be found on mud or silty sand bottoms of estuarine areas (Randall & Kulbicki 2006; Uiblein & Gouws 2015) . Three other species with relatively wide ranges, U. guttatus (South Africa and Red Sea to Japan and New Caledonia), U. moluccensis (Mediterranean to Japan) and U. sulphureus (Mozambique to Japan and Fiji), mostly occur in the coastal waters of continents and large islands (Randall & Kulbcki 2006; Uiblein & Heemstra 2010; Uiblein & Gledhill 2015) . The frequent association with continents and large islands applies also to the distribution of all other Upeneus species, except for the three very narrowly distributed U. mouthami, U. seychellensis and U. vanuatu. Upeneus mouthami occurs exclusively in two Melanesian island archipelagos (W Central Pacific), the Chesterfield Islands (New Caledonia) (Randall & Kulbicki 2006) , and Vanuatu (present study; new record), at 36-175 m depth; U. seychellensis is endemic to the Seychelles and occurs there at 60 m depth (Uiblein & Heemstra 2011b) ; and U. vanuatu is known only from the Vanuatu archipelago at 191-321 m depth (Uiblein & Causse 2013) .
When compared intraspecifically, no population differences in morphology and colour patterns between adult Upeneus taeniopterus from the Pacific and the Indian Ocean were found (Table I, Figures 1  and 2) . Subadults from the Pacific showed shallower bodies and slightly larger eyes than similar-sized conspecifics from the Indian Ocean (Table I, Figure 2 ), but do not differ in any other characteristics. Subadult U. taeniopterus differ from adults in having slightly less developed gill rakers on the lower limb, larger eyes, a longer caudal peduncle and fewer and narrower caudal-fin bars (Table I, Figure 2 ). In addition, Pacific subadults have a shallower body than co-occurring adults.
Remarks
Among the comparative material examined for this study is a paratype of Upeneus randalli (ZMUC 49161), which was erroneously referred to as coming from the Persian Gulf in the original description (Uiblein & Heemstra 2011a) . During the course of re-examination for this study it was discovered to have been collected from the same locality as a specimen of U. suahelicus (reported in Uiblein & Gouws 2015) from off Chahabar, southern Iran, Gulf of Oman. This revised locality represents the first record of this species outside of the Persian Gulf.
The maximum size information for U. taeniopterus and U. vittatus in Table II is derived from the literature (Fischer & Bianchi 1984; Randall 1996 ; later followed by e.g., Randall 2007 and Gouws 2015) and could not be verified based on specimens we have examined. For U. taeniopterus an even larger maximum size of 35 cm has been indicated in the FAO guide by Fischer & Whitehead (1974) , who state that the maximum size for U. vittatus is 27 cm. However, it remains unclear whether SL or total length was referred to.
Some of the examined photographs of fresh fish encountered in situ or shortly after capture indicate considerable variation in colour patterns that would deserve further investigations to fully understand the causes: the vertical bands on the specimen captured by flyfishing off Hawaii ( Figure 1F ) may have emerged as a result of handling stress; the marbled colour pattern encountered on the upper caudal-fin lobe of the specimen from off Kapa Island, Vava'u, Tonga ( Figure 1H ) may reflect irregular development of the bar pattern; and the rather dark, black mid-body stripe on the specimen photographed in situ off Vava'u is most certainly the consequence of insufficient illumination and/or the absence of a flash when the photograph was taken (Figure 1G; Eric Clua, personal communication, 2014) .
Genetic studies
The 25 Upeneus specimens included in the genetic analysis represented 13 species from all six species groups (see above). The aligned sequences, once trimmed to equal length, provided 598 characters for analysis. The model selected for the ML analysis Figure 4A . The 182 variable characters included 168 parsimony informative characters and the parsimony analysis yielded a single mostparsimonious tree ( Figure 4B ) of 487 steps (CI = 0554, RI = 0.796, Rescaled CI = 0.441). The two trees were largely congruent (an SH test revealed no significant difference in the likelihood of the two topologies: ΔlnL = 3.446, P = 0.183) and revealed identical relationships among all included species, with one notable exception (see below). Expectedly, multiple representatives of the same species grouped together across both analyses, although these relationships did not always receive strong bootstrap support (e.g., U. heemstra, U. tragula and U. suahelicus). In terms of the Upeneus species groups represented, only the suahelicus group (represented by Upeneus suahelicus and U. supravittatus) was retrieved as monophyletic, with strong bootstrap support (93% in ML and 94% in UP). The japonicus and stenopsis groups could not be evaluated as each was represented by single species only: U. guttatus and U. mascareinsis, respectively. Across both analyses, the moluccensis, tragula and vittatus groups were retrieved as poly-and/or paraphyletic. Upeneus taeniopterus, the one species whose placement was not consistent across the analyses, was not placed within or closely associated with the remainder of the tragula group, which was paraphyletic with respect to U. guttatus (japonicus group). In the ML analysis, U. taeniopterus was retrieved basally and was the sister taxon to all included Upeneus species. In the parsimony analysis, U. taeniopterus was the sistertaxon to U. parvus, with this clade then sister to the remaining tragula group species (U. heemstra, U. margarethae and U. tragula) and U. guttatus. None of these relationships or alternative arrangements of the deeper nodes were supported. A topology constrained to reflect a monophyletic tragula group, including U. taeniopterus, and with U. guttatus sister to this (−lnL = 3035.977) was significantly less likely (ΔlnL = 12.174, P < 0.05) than the likely topology obtained above, rejecting the notion of a monophyletic tragula group, as currently defined. Interestingly, including U. guttatus as nested within the tragula group (as above), with U. taeniopterus as this group's immediate sister taxon, was only marginally less likely (−lnL = 3025.628, ΔlnL = 1.825, P = 0.207) than the obtained topology. A much wider tragula group, retaining U. taeniopterus and including U. guttatus, cannot be rejected with the present data.
K2P sequence divergences (Table IV) indicated the substantial divergence of U. taeniopterus from all Upeneus species included. Mean sequence divergences obtained in comparisons between U. taeniopterus and the other species ranged from 19.9 to 21.4%, with individual specimens being 19.8-21.7% divergent. This divergence is greater than observed among other species pairs, where the next greatest divergence was 18.6% (U. mascareinsis vs. U. margarethae), and with the majority (50 of 66, 75.8%) of the remaining (mean) divergences being ≤16%. In terms of group membership, U. taeniopterus showed no greater genetic similarity to the remaining members of the tragula group (mean divergences of 20.6-20.9%) than to the other species groups, as presently constituted (vs. japonicus group: 21.4%; vs. moluccensis group: 20.3-20.7%; vs. mascareinsis group: 21.4%; vs suahelicus group: 20.0-20.3%; and vs. vittatus group: 19.9-20.8%). Despite the vast geographic separation over which the two U. taeniopterus specimens included were collected (Seychelles vs. Hawaii), the sequence divergence among them was only 0.2%. This is comparable to most intraspecific divergences observed in the present study, some of which represent comparisons over much smaller geographic scales.
Discussion
Both the alpha-taxonomic and the barcoding analyses (albeit based on a limited sample size, including only two Upeneus taeniopterus individuals) revealed a high distinctiveness of U. taeniopterus that does not allow the authors to place it in any taxonomic group of Upeneus. Phenotypically, this species reaches together with U. vittatus the largest size known for this genus, differs clearly in the combination of meristic and colour characters from all congeners, and shows a species-specific distribution and habitat selection pattern. While showing the typical generic characters for Upeneus species, like villiform jaw teeth, teeth present on vomer and palatines, small scales on basal portion of second dorsal fin and anal fin, and snout length shorter than or subequal to postorbital length, its distribution pattern most closely resembles that of Mulloidichthys pfluegeri (Steindachner, 1900) among the Mullidae. The latter species occurs also almost exclusively around oceanic islands (Hawaiian Archipelago, Marquesas Islands, Society Islands, Tonga, Marshall Islands, Mariana Islands, Ogasawara Islands, Ryukyu Islands, Réunion and E Indonesia (Randall 2007; Uiblein 2011)) ; it differs, however, from U. taeniopterus -apart from the generic charactersin a larger maximum size (at least 40 cm SL) and by occurring mostly at greater depths of 20 m to at least 110 m (with a single record at 7 m; Randall 2007).
The genetic analyses, although based on limited species representation, small sample sizes for each species and including data from only one mitochondrial gene region, provide evidence for the genetic distinction of U. taeniopterus and its exclusion from the tragula species group. Topologically, a strictly monophyletic tragula group was rejected. The inclusion of U. taeniopterus within the tragula group was statistically likely only under a much less restrictive arrangement of the group in which U. guttatus ( japonicus group) was subsumed and U. taeniopterus was included as a basally derived and, thus, genetically distant member. Upeneus taeniopterus was not more clearly aligned, in terms of genetic similarity, to the tragula group than to any of the other species groups (as currently defined and as represented in the present study). Although limited by sample sizes, species representation and the use of a single mitochondrial marker, there is no compelling genetic evidence for its membership in any of the six groups represented.
Genetic distances revealed U. taeniopterus to be the most divergent of the species examined, with higher divergence values obtained in species comparisons involving U. taeniopterus than in comparisons among other species. In fact, these values exceed the typical divergences among congeneric species recorded for the Mullidae (Lakra et al. 2011) and lie within the range documented for intergeneric comparisons (Zhang 2011) . Collectively, this genetic evidence suggests a basal position for the highly divergent U. taeniopterus among the remaining Upeneus species groups. The species' phenotypic distinctiveness (now supported by genetic data), with size, colour and varying combinations of meristic characters (see above) differentiating the species from congeners, including members of the tragula group to which it was previously assigned (Uiblein & Heemstra 2010) , precludes it from clear membership of the existing species groups; this reflects the situation around U. filifer (Uiblein & Heemstra 2011a , 2011b Uiblein & McGrouther 2012) . By adopting this comprehensive alpha-taxonomic and genetic approach, it should be possible to further disentangle the phylogenetic relationships, when more genetic tissue samples of yet to be barcoded Upeneus species become available.
Many goatfishes, including those of the genus Upeneus, are valuable food fishes in tropical or subtropical countries and island areas of the Indo-Pacific (Uiblein 2007) . This applies in particular to U. vittatus (Rawlinson et al. 1995) which can reach large sizes like U. taeniopterus. These two species, as well as goatfishes of the genera Mulloidichtys and Parupeneus, are frequently found in fish markets as important components of oceanic islands fisheries (e.g., NMFS 2011). However, in some areas like the Hawaiian Archipelago, U. taeniopterus is less appreciated as a food fish, as it has been found to create hallucinations after consumption ('nightmare weke') due to so-called 'ciguatera' poisoning (Halstead et al. 1990; Kaneko et al. 2005) . While these effects have not been reported for any other Upeneus species, they may apply to some Mulloidichthys species and recommendations have been made to not eat these fishes (Kaneko et al. 2005) . However, to our knowledge, the supposed biotoxin on which these recommendations are based has not yet been identified and the intoxication effects have not been well studied. Also, no comparative biochemical studies among goatfishes have been carried out to search for inter-or intraspecific variation in biotoxin content.
Although data from only two specimens of U. taeniopterus were available for the present genetic analysis, there was no intraspecies divergence among them, despite the vast distance separating the two sampling localities, the Seychelles and Hawaii. The geographic comparisons involving subadults also need to be regarded with some caution, as they are based on rather low sample sizes and are not representative for all recorded areas. The results of these latter comparisons suggest population differences in allometric growth and developmental trajectories. Certainly, more detailed investigations involving more samples and a fine-scaled phylogeographic approach would be required to investigate these questions.
The disruption of the currently known distribution of U. taeniopterus in the central part of its range may be due to data deficiency, but may to some extent also be related to the large shelf regions extending from the Malacca Strait to the western South China Sea and southwards to Bali as well as around Australia. While being mostly found off oceanic islands and atolls, this species has been also encountered off continental or large island shelves, especially if those areas are in close vicinity to deep oceanic waters, such as Pinda Bank off northern Mozambique, Trincomalee off northeastern Sri Lanka (type locality) and Biak Island, Papua, easternmost Indonesia. The latter location is in close proximity to deep oceanic waters, which also applies to the adjacent coast of eastern Papua New Guinea. For the latter, however, U. taeniopterus has not yet been reported (e.g., Fricke et al. 2014) .
The lack of a biodiversity research focus on shallow sandy habitats of oceanic islands and atolls may have contributed to U. taeniopterus not being previously recorded or at least not verified for rather large oceanic island areas such as Fiji, Palau, Samoa, Tonga and Vanuatu. In a comprehensive annotated checklist of the fishes of Tonga (Randall et al. 2003) , as well as in the more recently published biodiversity assessment for the Vava'u Archipelago, Tonga (Atherton et al. 2015) , this species is not listed. The latter study lists 10 goatfish species (Mulloidichthys flavolineatus (Lacepède, 1801), M. vanicolensis, Parupeneus barberinoides (Bleeker, 1852), P. barberinus, P. ciliatus (Lacepède, 1802), P. crassilabris (Valenciennes, 1831), P. cyclostomus (Lacepède, 1801), P. indicus (Shaw, 1803), P. multifasciatus (Quoy & Gaimard, 1824) and P. pleurostigma (Bennett, 1831)), which are usually common on or close to coral reefs. In recent years, biodiversity research, ecological monitoring and conservation efforts in tropical coastal areas have increasingly targeted coral reefs (e.g., Williams et al. 2011; Mora 2015) and fish taxa closely linked to corals such as butterfly fishes (Chaetodontidae) (e.g., Palaki et al. 2005; Pratchet et al. 2013 ). Subtidal sandy beaches and lagoons of oceanic island areas have not yet received similar attention in biodiversity studies (e.g., Barboza & Defeo 2015) .
A good example of the lack of focused biodiversity research and management of commercially important nearshore species such as U. taeniopterus comes from Tonga. Within the Vava'u Archipelago, as in other areas of this country, Mullidae are a targeted family for domestic fisheries and subsistence utilization. Common fishing methods are spearfishing during both day and night, fish traps and gill nets which are also common in adjacent oceanic island areas (Kronen 2004; Raubani 2006) . The economic value of coastal fishes such as goatfishes to community fishermen is high and an emphasis is needed on improved management, including ecological monitoring of coastal habitats and species assemblages. The Special Managed Areas (SMAs) are a community-managed reef programme under the Ministry of Fisheries of Tonga that has the potential to further management practices for shoreline habitats (Gillett 2009 ). Within the SMAs, small no-take areas are allocated by the community and often include sandy habitats. At present there are, however, no protected areas or larger-scale managed areas off Vava'u and sandy habitats are still undervalued and overlooked as important ecological areas.
When it comes to the potential role of goatfishes as key and indicator species (Uiblein 2007) , the bandtail goatfish U. taeniopterus may play a distinct ecological role in shallow sandy areas of oceanic islands and atolls. To fully understand this role, the autecology of this species would need to be studied in detail. In parallel, the overall biodiversity of its habitat should be investigated considering ecological vulnerability in response to a number of factors such as, for instance, climate induced sea-level rise and water temperature increase, fisheries (e.g., lining, beach seining, gill-netting, spearing, trapping; see also Dalzell et al. 1996) , tourism, habitat modification, eutrophication and pollution.
